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Abstract 
This research aims to seek for the prime condition to produce liquid smoke and analyze its components. Liquid 
smoke is a potential substrate as biopesticide for agriculture and wood preservatives. The process of maximizing the 
production of liquid smoke from the bark of Durio was conducted using Response Surface Methodology (RSM) 
while the process of identifying the compound of liquid smoke was by Gas Chromatography and Mass Spectrometry. 
RSM used three variable designs as introduced by Box-Behnken including pyrolysis temperature at 350 C, 400 C and 
450 C, pyrolysis duration within 75, 90 and 105 minutes and moisture contents of 10%, 12.5% and 15%  with 15 
runs. Maximum production of liquid smoke was obtained at temperature of 421 C; 72.9 minutes and at moisture 
contents of 13.95% and the rendemen of production was 39.46%. Predominant component in liquid smoke was acetic 
acid and the other main components were methyl alcohol, 2-propanone,1-hydroxy (acetol), carbonyl derivatives, and 
phenol derivatives. 
© 2012 The Authors. Published by Elsevier B.V.  
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1. Introduction 
Liquid smoke, which is also called pyroligneous acid or wood vinegar, is a substance produced from 
wood carbonization process at a high temperature in the absence of oxygen [1]. Due to the uniqueness of 
its complex structure and chemical composition, liquid smoke may be a potential chemical as biopesticide 
and wood preservative [2, 3]. Liquid smoke produced from many different woods has been used for its 
antimicrobial, antifungal properties and termicidal activities [4, 5, 6, 7]. The antifungal efficiency of 
liquid smoke produced from biomasses such as inner coconut shell, bamboo and eucalyptus woods 
strongly depended upon their acid and phenol compound contents and confirmed through the inhibitory 
growth of the Penicillium griseofulvum [8]. The liquid smoke has inhibitory effect against Alternaria mali 
[2] Recently, Diba et al. [9] have reported that two kinds of liquid smoke made from wood wastes and oil 
3 Open access under CC BY-NC-ND license.
 peer-revi w under responsibility of SU TAIN conference’s com ittee and supported by Kyot  University; 
(OPIR), (GC E-ES), (GCOE-HSE), (CSEA ), (RI H), (GCOE-ARS) and (GSS) as co-hosts.
61 H. A. Oramahi and Farah Diba /  Procedia Environmental Sciences  17 ( 2013 )  60 – 69 
palm empty fruit bunch exhibited high termiticidal activities against Coptotermes curvignathus 
Holmgren.  
      Several factors such as type of wood, moisture content of wood, temperature and time of combustion, 
among others [10, 12], may significantly influence the composition and production of liquid smoke. 
Response Surface Methodology (RSM) is a collection of mathematical and statistical techniques which 
can be used to define the relationships between the response and the independent variables, and the 
objective is to maximize this response [13, 14]. RSM has been successfully used to maximize 
biotechnological and biochemical processes including cultural condition for the growth of Candida utilis 
[15], extraction of bioactive compound from Parcia speciosa pod [16], extraction parameter of crosin, 
geniposide and total phenolic compound from Gardenia jasminoide Ellis [17], extraction conditions of 
polysaccharides from the roots of Cadonopsis pilosula [18] and extraction of phenolic compound from 
wheat [19]. The objective of the research is to develop a maximum production of liquid smoke from bark 
of Durio. The compound of liquid smoke was also evaluated using gas chromatography-mass 
spectrometry (GC-MS). 
2. Materials and Methods 
2.1.  Preparation and Pyrolysis of Wood    
      Liquid smoke was produced from burning wood meals of Durio bark. The material was collected 
from Pontianak Regency, West Kalimantan, Indonesia and converted into wood meals by a Willey mill 
with 40-60 mesh screens, and air dried to about 10, 12.5 and 15% of moisture content in Wood Workshop 
Laboratory, Forestry Faculty Tanjungpura University, Pontianak,West Kalimantan, Indonesia.  This 
material was put into a closed reactor, and was heated up to the desired temperature of 350, 400, and 
450 C, pyrolysis times of 75, 90 and 105 minutes and moisture contents of 10%, 12.5% and 15%  with 15 
runs.  
      Analysis of liquid smoke components were achieved by gas chromatography-mass spectrometry (GC-
MS) [20], model Shimadzu QP-210S (Shimadzu Manufacturing Co. Ltd, Kyoto, Japan) with capillary 
column (30 m x 0.25 mm inside diameter), injector temperature of 225 C. The temperature in GCMS 
program ranges from 50 C to 225 C and increases around 10 C per minute. The flow rate of helium was 
held at 88.3 mL/min. The MS was operated in electron ionization mode at 70 eV and the interface 
temperature was maintained at 225 C. The peak was confirmed by comparison with a standard in library 
data. 
2.2. Experimental Design 
RSM was applied to identify the maximum levels of three variables of the pyrolysis temperature (x1), 
pyrolysis times (x2), and moisture contents of wood (x3) in regard to one response (production of liquid 
smoke). The three factors and the design point for RSM (low, medium, high) in coded and uncoded 
independent variables are listed in Table 1. The experiment design chosen for this research was Box and 
Behnken Design (BBD). BBD can observe the interaction effect of the independent variables on the 
response [21]. Experiments were carried out according to the design point with independent variables 
including pyrolysis temperature at 350 C, 400 C and 450 C, pyrolysis times 75, 90 and 105 minutes and 
moisture contents of 10%, 12.5% and 15%  with total of  15 experimental runs. 
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Table 1. The level of variable chosen for the Box-Behnken Design 
 
Independent Variable Symbol 
Coded variable level 
Low Center High 
-1 0 1 
Pyrolysis temperature (oC) X1 350 400 450 
Pyrolysis times (min) X2 75 90 105 
Moisture contents of wood X3 10 12.5 15 
 
RSM was applied to analyze the effect of independent variables on response parameter (production 
of liquid smoke, %) by matching the responses studied (Y) using the second-order polynomial equation 
is: 
     Y=
k
i i j
jiijiii
k
i
ii xxxx
1
2
1
0                                                             (1)              
 where 0 i , ii  and ij are the regression cofficients for intercept, linear, quadratic and interaction 
terms, respectively, and ix , jx are the independent variables [22, 23]. To evaluate the predictive value, 
both formula  maximum and minimum value, this research used kanonik analysis. Kanonik analysis is 
looking for the value of eigen from matrix B. The equation is: 
Y = Yo + 1 W12 +  2 W22 k Wk2                                                                                                                                             (2)             
If all the value of  is positive then the graphic result is minimum. If all the value of  is negative then 
the graphic result is maximum,  but if   value is both positive and negative, then the graphic was saddle. 
 
3. Results and Discussion 
 
3.1. Maximizing the production of liquid smoke from the bark of Durio 
 
The maximizing of liquid smoke production was selected as the responses for the combination of 
independent variables (Table 2). The maximum (stationer point) liquid smoke was at pyrolysis 
temperature of 421 C (0.42), pyrolysis times of 72.9 minutes (-0.14) and moisture content of 13.95% 
(0.29). The production of liquid smoke varied from 33.87% to 39.23%. The maximum yield of liquid 
smoke was 39.46%. Some factors contribute to maximizing the production of liquid smoke [24]. Okutucu 
et al. [25] observed that liquid smoke from pistachio shell did not significantly change when the pyrolysis 
temperature was above 300oC. They obtained the maximum liquid smoke at the temperatures between 
500 and 600oC. Meanwhile, Demiral and Ayan [26] also reported that the maximum yield of liquid smoke 
from grape bagasse was 27.60%, achieved at the final pyrolysis temperature of 550oC.  
Islam [27] said that the variation of percentage of liquid smoke yield was influenced by temperature of 
pyrolysis. He found that at a lower temperature of 300oC the liquid smoke yield was lower than that of 
higher pyrolysis temperature (450oC). However, at pyrolysis temperature 500oC, the liquid smoke yield 
was lower than pyrolysis temperature of 450oC. The reason for the lower liquid smoke yield at lower 
temperature may be due to the temperature rise which was not enough for complete pyrolysis to take 
place, thus yielding less liquid smoke product. On the other hand, at a higher temperature, the secondary 
decomposition reaction could possibly take place. 
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Table 2. The Box-Behnken Design of the observed responses and predicted value for the production of liquid smoke from the bark 
of Durio 
 
Run X1 X2 X3 Production of liquid smoke (%) 
Observed Predicted 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
-1 
-1 
1 
1 
-1 
-1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
-1 
1 
-1 
1 
0 
0 
0 
0 
-1 
-1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
-1 
1 
-1 
1 
-1 
1 
-1 
1 
0 
0 
0 
38.46 
37.69 
36.92 
38.46 
33.87 
34.15 
35.07 
38.64 
34.09 
38.64 
35.11 
36.15 
39.23 
39.00 
39.23 
37.93 
36.60 
38.01 
38.99 
34.46 
35.17 
34.05 
38.05 
34.03 
38.14 
35.61 
36.21 
39.15 
39.15 
39.15 
 
Table 3 shows that the coefficient value of the predicted models in this response was 0.89 indicating a 
relatively good fit to predict these response variables. The variability nearly 90% in the response could be 
explained by the model. At the same time, a low value of coefficient of variation (CV=3.03%) indicated a 
very high degree of precision demonstrating the results found was precise. Similar results were obtained 
by Sun et al. [18] stating that a very low of CV indicated a very high degree of precision and reliability of 
the results of this study.  
 
Table 3. Regression coefficients of the predicted quadratic polynomial model 
 
Sources of variation Coefficient of 
polynomial 
Error t-value Pr>t 
Intercept  
X1 
X2 
X3 
X1 * X1 
X2 * X1 
X2 * X2 
X3 * X1 
X3 * X2 
X3 * X3 
39.15 
0.62 
-0.09 
1.18 
-0.92 
0.58 
-0.35 
0.82 
-0.88 
-2.80 
0.65 
0.40 
0.40 
0.40 
0.58 
0.56 
0.58 
0.56 
0.56 
0.58 
60.62 
1.56 
-0.22 
2.98 
-1.58 
1.03 
-0.61 
1.47 
-1.57 
-4.81 
0.00 
0.18 
0.83 
0.03 
0.18 
0.40 
0.57 
0.20 
0.18 
0.00 
Coefficient of variation = 3.03%, R2 = 0.89 
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Figures 1, 2 and 3 show the two dimensions (2D) contour plot and three dimension (3D) response
surface curve of graphical illustration on the effect of pyrolysis temperature and moisture content of wood 
on the production of liquid smoke. The maximum production was achieved from equation 3 was on
pyrolysis temperature 421 C (0.42), pyrolysis times of 72.9 minutes (-0.14) and moisture content of 
13.95% (0.29).
Fig. 1. (a) Contour plots and (b) Surface plot stationer showing the effects of  pyrolysis temperature (x1) and pyrolysis times of
liquid smoke (x2) at 12.5% moisture contents of wood (x3) on the production of liquid smoke (Y )
Fig. 2. (a) Contour plots and (b) Surface plot stationer showing the effects of  pyrolysis temperature (x1) and moisture contents 
of wood (x3) at  90 min pyrolysis times of liquid smoke (x2) on the production of liquid smoke (Y).
(a) (b)
(a) (b)
65 H. A. Oramahi and Farah Diba /  Procedia Environmental Sciences  17 ( 2013 )  60 – 69 
Fig. 3. (a) Contour plots and (b) Surface plot stationer showing the effects of pyrolysis times (x2) and moisture contents of 
wood (x3) at 400oC pyrolysis temperature of liquid smoke (x1) on the production of liquid smoke (Y)
The analysis of variance for quadratic model was shown in Table 4. The results indicate that the
contribution of quadratic model was significant (p<0.05) while linear and interaction (cross product) were 
insignificant.
Table 4. Analysis of variances (ANOVA) for quadratic model
Regression DF Sum of squares R2 F-value
Linear
Quadratic
Cross product
Total Model
3
3
3
9
14.23
30.87
7.12
52.21
0.24
0.53
0.12
0.89
0.093
0.022
0.248
0.053
The responses of the BBD fitted with a second-order polynomial equation:
Y = 39.15 + 0.62 X1 0.09 X2 + 1.18 X3 0.92 X12 0.35 X22 + 0.52 X1.X2 + 0.82 X1.X3
0.88 X2.X3 2.81 X3.X3 (3)
And the equation of canonical was:   
Y = 39,46 0,889 W12 2,980 W22 0,205 W32 (4)
The roots were -0.889; -2.980; and -0.205 for 1, 2 and 3 respectively. Canonical analysis of surface 
responses revealed that the stationer surface was maximum because the values of 1, 2 and 3 were all 
negative.
3.2. The component of liquid smoke from bark of Durio
The result from GCMS analysis showed that liquid smoke contained acetic acid, carbonyl derivatives,
methyl alcohol, 2-propanone, 1-hydroxy, and phenol derivatives. The predominant component in liquid
smoke was acetic acid. Table 5, 6 and 7 showed the relative percentage quantities of the compounds
identified by GCMS in the liquid smoke of bark of Durio at pyrolisis temperature of 3500C; 4000C and
(a) (b)
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4500C respectively. The main compound of liquid smoke from bark of Durio were acetic acid; methyl 
alcohol; 2-propanone,1-hydroxy-;and 2-propanone. The other compounds were carbonyl derivatives and 
phenol derivatives. 
Table 5. Relative percentage quantities of the compounds identified by GCMS in the liquid smoke from bark of Durio with pyrolisis 
temperature 3500C 
No RT Liquid smoke Compounds Area  No RT Liquid smoke Compounds Area 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
2.193 
2.730 
2.818 
3.563 
4.939 
5.523 
9.895 
12.309 
13.267 
13.496 
13.688 
14.414 
14.844 
Acetaldehyde 
2-Propanone 
Methyl ester 
Methyl  alcohol  
2,3-Butanedione 
Acetonitrile  
Cyclopentanone 
2-Propanone,1-hydroxy- 
2-Cyclopenten-1-one 
2-Methyl-2-cyclopentenone 
Propanoic acid 
Acetic acid 
2-Propanone, 1-(acetyloxy) 
0.40 
4.48 
1.01 
22.63 
1.30 
0.34 
0.82 
6.75 
2.50 
1.54 
1.58 
38.92 
1.13 
 14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
14.942 
15.358 
15.601 
15.684 
15.939 
16.263 
17.492 
17.839 
19.852 
20.272 
21.808 
23.348 
2-Furancarbooxaldehyde 
2,4-Hexadiene, 2,5-dimethyl 
Ethanone, 1-(2-furanyl) 
Butanoic acid 
3-Methyl-2-cyclopenten-1-one 
2,3-Dimethyl-2-cyclopenten-1-one 
Butyrolactone  
2-Furanmethanol 
1,2-Cyclopentanedione, 3-methyl 
Phenol, 4-methoxy 
Benzenesulfonic acid 
Cyclopropyl carbinol 
0.46 
0.24 
1.14 
1.55 
3.37 
1.02 
1.70 
3.26 
0.90 
0.57 
1.31 
1.07 
Table 6. Relative percentage quantities of the compounds identified by GCMS in the liquid smoke from bark of Durio with pyrolisis 
temperature 4000C 
No RT Liquid smoke Compounds Area  No RT Liquid smoke Compounds Area 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
2.208 
2.743 
2.832 
3.578 
4.952 
9.907 
12.323 
13.277 
13.505 
13.708 
14.366 
14.850 
14.938 
15.608 
15.689 
Acetaldehyde 
2-Propanone 
Methyl ester 
Methyl  alcohol  
2,3-Butanedione 
Cyclopentanone 
2-Propanone,1-hydroxy- 
2-Cyclopenten-1-one 
2-Methyl-2-cyclopentenone 
1-Hydroxy-2-butanone 
Acetic acid 
2-Propanone, 1-(acetyloxy) 
2-Furancarbooxaldehyde 
Ethanone, 1-(2-furanyl) 
Butanoic acid 
0.20 
5.43 
1.41 
15.74 
0.87 
0.39 
6.02 
1.35 
0.74 
1.66 
44.22 
0.48 
3.71 
0.55 
0.98 
 16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
15.893 
16.267 
16.621 
17.496 
17.840 
19.851 
20.269 
21.413 
21.811 
22.286 
22.759 
23.348 
25.571 
27.210 
Propanoic acid 
2,3-Dimethyl-2-cyclopenten-1-one 
2-Furancarboxaldehyde 
butyrolactone 
2-Furanmethanol 
1,2-Cyclopentanedione, 3-methyl 
Phenol  
2-methoxy-4-methyl 
Benzenesulfonic acid  
Phenol, 4-ethyl-2-methoxy 
Phenol, 4-methyl 
Cyclopropyl carbinol 
Phenol, 2,6-dimethoxy 
1,2,4-Trimethoxybenzene 
2.21 
0.27 
0.32 
1.01 
1.83 
0.87 
2.04 
0.90 
2.49 
0.26 
0.29 
0.72 
2.20 
0.83 
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Table 7. Relative percentage quantities of the compounds identified by GCMS in the liquid smoke from bark of Durio with pyrolisis 
temperature 4500C 
No RT Liquid smoke Compounds Area  No RT Liquid smoke Compounds Area 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
2.210 
2.746 
2.835 
3.151 
3.580 
4.957 
5.539 
9.902 
12.001 
12.319 
12.319 
13.268 
13.687 
14.401 
Acetaldehyde 
2-Propanone 
Methyl ester 
Furan, tetrahydro- 
Methyl  alcohol  
2,3-Butanedione 
Acetronitrile  
Cyclopentanone  
2-Butanone, 3-hydroxy- 
2-Propanone, 1-hydroxy 
 2-Cyclopenten-1-one 
2-Methyl-2-cyclopenten-1-one 
1-Hydroxy-2-butanone 
Acetic acid 
0.22 
5.13 
0.63 
0.11 
19.66 
1.07 
0.51 
0.80 
0.56 
7.42 
2.42 
1.57 
1.74 
39.73 
 15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
14.843 
14.933 
15.365 
15.600 
15.684 
15.938 
16.260 
17.492 
17.838 
19.850 
20.267 
21.804 
23.355 
2-Propanone, 1-(acetyloxy) 
2-Furancarboxaldehyde 
4,4-Dimethyl-2-cyclopenten-1-one 
Ethanone, 1-(2-furanyl) 
Butanoic acid 
3-Methyl-2-cyclopenten-1-one  
2,3-Dimethyl-2-cyclopenten-1-one 
Butyrolactone  
2-Furanmethanol 
1,2-Cyclopentanedione, 3-methyl 
Phenol, 4-methoxy  
Phenol  
Pentanal  
1.17 
0.32 
0.26 
1.03 
1.60 
3.49 
1.01 
1.85 
3.80 
0.94 
0.65 
1.65 
0.66 
 
Acetic acid functions as termiticidal agents [4, 6]. Meanwhile, 2-propanone,1-hydroxy- are also 
known as acetol. This compound is value-added for medicine synthesis [28] Liquid smoke mainly 
consists of phenolic and acetic acid. Phenolic components such as phenol, guaicol and cresol which are 
considered to act as biocidal agents might be responsible for antifungal properties of liquid smoke. In his 
investigations, Mohan et al. [29] demonstrated the results on the antifungal effect of liquid smoke from 
wood/bark on agriculture field. Studies are now underway to evaluate the liquid smoke from bark of 
Durio as wood preservatives against wood destroying organism i.e. termites and fungi.  
4. Conclusions  
    RSM was applied to determine the parameters at which the production of liquid smoke could be 
maximized. The maximum production of liquid smoke was obtained at pyrolysis temperature of 421 C; 
pyrolisis time of 72.9 minutes, moisture content of wood meal of 13.95% and the production rendemen of 
39.46%. GCMS analysis on the liquid smoke showed that its main chemical compound from bark of 
Durio consisted of acetic acid, methyl alcohol, 2-propanone,1-hydroxy (acetol), carbonyl derivatives, and 
phenol derivatives. The components in liquid smoke were potential as biopesticide, antifungal and 
antitermites. 
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